INTRODUCTION
Flux exchangers of thermal energy are devices that allow the transfer of heat between two or more fluids having different temperatures. Flux exchangers of thermal energy have an important role in extraction of flux of thermal energy produced by a mechanism in operation to keep the temperature of the equipment. Also needed to enhance the ability of heat exchange, which is reduced after a period of operation without interfering with maintenance operations. Marine energy systems, flux exchangers of thermal energy are found as steam generators, water heaters, preheaters and coolers (condensers) and evaporators used in installations for producing technical water from seawater. Flux exchangers of thermal energy can take place with or without changing their state of aggregation, which influences the design of the exchangers. Thus according to the state of aggregation of fluids in flux exchangers of thermal energy used in marine energy plants, this can be divided into: -heat exchanger that performs heat exchange without changing the fluids state of aggregation like coolers and heaters; -heat exchanger that performs heat exchange with changing the state of aggregation one of fluids or all like evaporators and condensers.
From the point of view of the geometrical configuration, the heat exchangers can be: -tubular heat exchangers whose construction consists of a large diameter tube through which to be circulated the fluid to remove the heat, in which is inserted a number of pipes through which circulates the fluid gives off heat (figure1); -plate heat exchangers whose construction consists of several sets of plates which are in firm contact each with other. Figure 2 illustrates a plate heat exchanger with all components. In one plate is moving the fluid which give up heat, and through the two adjacent plates have to take the circulating fluid heat (cooling agent).
-fluids circuit the plate heat exchangers fluids circuit is shown and explained in figure 3 . The determining factor of heat transfer rate is the overall heat transfer coefficient which represents total resistance to heat transfer to a fluid flow to another depending on the flow geometry, fluid properties and composition of the material.
One of equations that can be used to calculate the overall heat transfer coefficient is the relationship (2). λ -thermal conductivity ;
So the efficiency of a heat exchanger is given by the thermal conductivity of the material from which it is made and its geometric configuration. The coolant used is providing from the environment where the system works. For naval heat exchangers the coolant used in most cases, it is seawater, but is also used technical water (freshwater), oil and air. Using seawater, being an inexhaustible source of cooling, corrosion and scale deposits are common effects that modify the functional parameters of marine heat exchangers. Maintenance of marine heat exchangers is therefore necessary at regular intervals of time to prevent reduction of heat transfer or failure of equipment. Depending on the type of heat exchangers and on the type of fouling, various maintenance methods are used as the final the heat transfer surfaces must be cleaned to prevent any blocking of the flow process.
I. Technical water quality (in most cases
seawater ) is essential for optimum performance and long serviceable life of heat exchangers. The chemical composition of water is very important for optimal heat exchange. For seawater the fouling effects of salt deposits are directly proportional to its salinity. The salinity of seawater globally has variations of dissolved solids in the liquid at 800 ppm (mg / l) in the Baltic Sea up to a maximum of 60,000 ppm in the Arabian Gulf, where due to water evaporation due to high temperature air desert area. The nominal composition is considered to 34,500 ppm water from which the 25,000 ppm sodium chloride. In Table 5 is shown the seawater composition. figure 5 is the evolution of coefficient corrosion Rf in function of temperature at constant speed of movement of water for each type of fouling. -Average temperature of the mass of the fluid is important for biological fouling because when the temperature increase microorganisms grow faster. Also at high temperatures between 85 ÷ 120 0 C organisms may be killed, but it is not possible because of differences in thermal expansion; -Water speed (figure 6) generates little effect on crystallization fouling at low speeds and at high speeds may decrease. At low speeds of water the biological fouling rises, and with increasing speed drops to zero because the nutrients supply is no longer assured. In the compact plate heat exchangers the flow rates are much lower than in the tubular heat exchangers. -The concentration of oxygen is an important factor in the occurrence of corrosion fouling. At high temperatures the effect diminishes.
-The materials they are made of heat exchangers have an important role in the development of fouling. Copper alloys containing about 60 ÷ 70% slows development of biological fouling. Ferrous materials are prone to corrosion fouling. Titanium is corrosion resistant material without limits at the seawater temperature, but is sensitive to biological fouling at low speeds. Cathodic protection can increase the maximum operating temperature in seawater. Table 5 gives the values of the thermal conductivity of the materials used for the manufacture of heat exchangers. Chemical cleaning has some advantages over mechanical cleaning: -it is faster, the operation lasted one day maximum; -cleaned surfaces will not suffer mechanical damage; -chemical solutions reach areas inaccessible to mechanical cleaning; -it requires fewer hours of physical labor to chenical cleaning; -cleaning can be done without removing the heat exchangers. The disadvantage is that at the mechanical cleaning the efficiency of the cleaning can not be confirmed visually becouse the exchanger is completely closed (mounted).
In order to be possible to cleaned , heat exchangers are provided with design facilities like: -sensors that signal the need for cleaning; -points for draining results fluids after cleaning chemical; -access for mechanical cleaning of pipes. Hydrochloric acid not be used in cleaning heat exchangers with stainless steel plates . Also the water with content greater than 300 ppm Cl is not used in the preparation of cleaning solutions. It is important that aluminum bars and pipes are protected against chemical corrosion. These are flux exchangers of thermal energy which take heat from marine fuels burned and gives a fresh water that turns into steam or hot water. Given that usually exhaust temperature of combustion marine engines is between 200 ÷ 300 0 C, it is possible heat recovery from the gas by using Exhaust Gas Economizer. Usually the minimum gas temperature at the exit of the EGE is at least 200 0 C, so that the sulfur oxides in combustion products do not condense on the heat exchanger surfaces and cause corrosion thereof. When using a type LPG fuel or gas oil should be reconsidered heat recovery mode because the flue gas temperature can be well below 200 0 C. Figure 7 shows a propulsion plant with engine type Wartsila 64 and the steam flow diagram for an exhaust gas boiler and two oil-fired. The efficiency of boiler systems is affected by these issues: -Stack Temperature Control should be as low as possible, but it should not be low that water vapor in the exhaust condenses on the stack walls. If it used fuels containing significant sulfides, stack temperature should be greater than 200°C to prevent formation of sulphur dew point corrosion.
In figure 8 it can see the evolution of sulfuric acid dew point, reported that the sulfur content of fuel. The overall thermal efficiency is higher by 3%. In case of a modern 3-pass shell boiler firing natural gas with a flue gas exit temperature of 140 0 C a condensing economizer would reduce the exit temperature to 65 0 C increasing thermal efficiency by 5%; -Combustion air preheating -improve thermal efficiency by 1% if the combustion air temperature is raised by 20 0 C; -Incomplete combustion -can arise from a surplus of fuel or poor distribution of fuel usually because of incorrect functioning of burners, or insufficient air supply, resulting in a poor mixture in air or fuel; -Excess air control -is required in all practical cases to ensure complete combustion. When the sum of the losses due to incomplete combustion and loss due to heat in flue gases is minimized, the excess air level is optimum for maximum boiler efficiency.
-Radiation and Convection Heat Loss Minimization -at the modern boiler design the lose heat of the surface of boiler may represent only 1.5% on the gross calorific value at full rating, but if the boiler operates at 25% and less the lose heat will increase at 6%. The augmentations of isulation reduce the heat loss.
-Automatic Blowdown Control -installed of automatic blowdown control witch respond to boiler water conductivity and pH, because uncontrolled continuous blowdown is is a loss of thermal efficiency.
-Reduction of Scaling and Soot Lossesbecause the soot buildup on tubes acts as an insulator against heat transfer. The deposits of scaling of the water side and excessive soot buildup can cause high operating temperature of the boiler. It is estimated that each increase of stack temperature up 22 ° C leads to a loss inefficiency of 1%. It is estimated that 3 mm of soot can cause an increase in fuel consumption by 2.5% due to increased flue gas temperatures. Periodic off-line cleaning of radiant furnace surfaces, boiler tube banks, economizers and air heaters may be necessary to remove stubborn deposits. Another aspect is the accidental burning of the soot deposits after diesel engine is a growing problem. To alert temperature increases boilers are equipped with temperture sensors or even a static pressure dropalarm. But this are just alarms. To ovoid accidental burning of the soot deposits, modern ships are equipped with boiler monitoring system. An example of such equipment is manufactured by Green Instrumentas in Denmark, G5100 Exhaust Gas Economizer Monitor (figure 9), which are accepted by ship classification societies such as Bureau Veritas in this case. This monitoring system provide a dynamic monitoring of different parameters in relation to engine load including pressure drop, inlet and outlet temperature and the water circulation flow.
Figure 9 -Diagram of G5100 Exhaust Gas Economizer Monitoring by Green Instrumentas,
Denmark [2] Monitoring these parameters along with actual engine load will indicate soot contamination and the best time for cleaning, thus helping to maintain high efficiency of the economizer and ovoid economizer breakdown. The system consists of the following main elements: -monitoring cabinet with touch screen ( 4 alarm relays and 2 analog inputs; -remote input module with 4 analog inputs; -differential pressure transmitter unit; -temperature sensor; -flow sensor.
CONCLUSIONS
Variety of sources that may cause fouling deposits on heat exchangers surfaces resulted in a very complex approach in terms of design, construction, operation and maintenance of these.
Since the deposition of fouling in heat exchangers impedes the flow of heat exchange, it requires careful planning of maintenance operations that will take into account the synergy of the chemical mechanical cleaning depending on the type of fouling. Any phenomenon that affects the efficiency of heat exchangers has direct effects on the global heat transfer coefficient which ultimately leads to reducing the rate of heat transfer. The heat exchangers materials must have thermal conductivity, resistance to interaction with fluids to circulate through them at speeds and temperatures working fluid as required installation that will work. Modern systems for monitoring heat exchangers in service increase their life time by continuously monitoring the functional parameters and indicating the best time for maintenance operations.
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